Pure anatase TiO2 nanoparticles with various Ag and Sn contents were synthesized using hydrothermal and sol-gel low-temperature methods. Structural and morphological characterizations of the synthesized nanoparticles were performed by X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM) equipped with energy dispersive X-ray spectroscopy (EDX), and N2 adsorption/desorption isotherm and brunauer-emmett-teller (BET) techniques. The effect of synthesis procedure on the crystalline structure, crystal size, surface area, pore size distribution, and photocatalytic activity of the synthesized samples were studied. The photocatalytic activity was tested vs. degradation of methylene blue (MB) under black light radiation. Ag/Sn-TiO2 nanoparticles synthesized by hydrothermal method showed higher photoactivity during the degradation of MB under black light irradiation due to the increase in the specific surface area, total pore volume, and reducing the crystallite size. An artificial neural network (ANN) comprising four input variables (mol% of dopant ions, photocatalyst dosage, initial dye concentration, and pH of the solution), eight neurons and an output variable (degradation efficiency %) was optimized, tested and validated for MB degradation by Ag/Sn-TiO2 nanoparticles synthesized via hydrothermal method. The results showed that the predicted data from the designed ANN model were found to be in good agreement with the experimental data with a correlation coefficient (R 2 ) of 0.979. A 98.9% photodegradation efficiency of MB was achieved by utilizing 0.07 mol% Ag and 0.03 mol% Sn co-doped TiO2 at pH = 12.
Graphical Abstract Introduction
During the last decade, application of photocatalysts to control environmental pollution has attracted significant attention from the scientific community as a new environmental purification technique. Among different investigated materials, titanium dioxide (TiO2) has drawn a lot of interests due to its noticeable chemical stability, low cost, low hazard to human body, strong oxidizing power, and high photoactivity [1] [2] [3] [4] . However, TiO2 has its own disadvantage including the relatively high speed in recombination of photogenerated electron-hole pairs [5] .
To reduce the electron-hole recombination, many studies have been conducted, such as transition metals doping and coupling semiconductors [6] . An effective method for increasing the photocatalytic activity of titanium dioxide is to explore the cooperative influence via doping more than one ion metal into TiO2 network [7] . Many studies have been conducted towards improving the photocatalytic activity of TiO2 [8] . Many studies have been conducted on how to enhance the photocatalytic activity of TiO2. Jeong et al. [9] reported the preparation of Cr and Fe co-doped TiO2 nanoparticle by hydrothermal synthesis method and showed that Cr and Fe co-doped TiO2 nanoparticle have two times higher photocatalytic activity for photodecomposition of gaseous isopropyl alcohol (IPA) than Cr/TiO2 and Fe/TiO2 nanoparticles under the visible light irradiation (λ>420 nm). Li et al. [10] studied the structural and electronic properties of (Fe-F) and (Fe-S) codoped TiO2. They conclude that the photocatalytic activity of Fe/S TiO2 is greater than that of the Fe/F TiO2.
In recent years, artificial neural networks (ANNs) have been employed to simulate the process and define the significance of the different operating variables. Artificial neural networks are computer based systems designed to simulate the learning process of neurons in the human brain, that has been used in many areas of science and engineering to model different complex processes including biological and physicochemical water/wastewater treatments [11] . Although many researchs have been conducted on various preparation methods for TiO2 nanoparticles; a comparative research on evaluating the effect of the hydrothermal and sol-gel lowtemperature methods on the structure and photocatalytic activity of the samples has not been yet reported. The purpose of this work was to synthesize anatase Ag/Sn-TiO2 via hydrothermal and solgel low-temperature methods and compare the properties of the prepared samples with each other and investigate the relationship between the photocatalyst structure, crystal size, specific surface area, and photocatalytic activity. The influence of different factors such as mol% of dopant ions, photocatalyst dosage, initial dye concentration, and pH of the solution were investigated. Furthermore, the relative importance of each operational parameter was calculated based on the connection weights of ANN model.
Experimental

Materials and Methods
The following analytical grade chemicals were used without any further purification: titanium nbutoxide (TBOT, Ti (OC4H9)4), glacial acetic acid (AcOH), ethanol with absolute grade, silver nitrate and tin chloride. MB was used as a model compound in the photocatalytic activity measurements. All compounds were supplied from Merck (Germany).
Preparation of Ag/Sn-TiO2 nanoparticles
Preparation of Ag/Sn-TiO2 nanoparticles by sol-gel low-temperature method
In order to synthesize TiO2 nanoparticles by sol-gel low-temperature method, TBOT was slowly dissolved in AcOH. After stirring for 5 min at 0 °C, distilled water was added drop by drop to the solution under magnetic stirring. The molar ratio of TBOT/AcOH/H2O was 1:1:200. The homogeneous solution was yielded after continuously stirred for 1 h. Then, the obtained sol-solution was kept in darkness for 12 h for nucleation process. The obtained solution was placed in an oven at 70 °C for gelation procedure. The gel was then dried at 100 °C for 24 h. Finally, the dry gel powder was calcined at 400 °C for 3 h. Ag/Sn-TiO2 nanoparticles were synthesized by the same method, except that the water used for the synthesis contained the required amount of AgNO3 and SnCl4. The components of mixed solution are presented in Table 1 (given as molar ratio of doping Ag and Sn).
Preparation of Ag/Sn-TiO2 nanoparticles by hydrothermal method
According to [9] , Ag/Sn-TiO2 nanoparticles (Ag 0.07 mol%, Sn 0.03 mol%) were prepared using hydrothermal method. The process involved synthesis of a sol and its hydrothermal treatment. TiO2 sol was produced from a controlled sol-gel route using TBOT. One molar solution of TBOT in absolute ethanol (5 mL) was added dropwise to 50 mL of distilled water under vigorous stirring. The pH was adjusted to 1.7 with nitric acid. Then TiO2 sol was added dropwise to the aqueous solutions of AgNO3 and SnCl4 in a water bath with continuous stirring. Then the mixture was stirred for 2 h at 50 °C. The mixture finally gained was subjected to a hydrothermal treatment for 5 days at 180 °C and were further calcined at 400 °C for 5 h in an electric furnace to obtain crystalline powders of Ag/Sn-TiO2.
Characterization of Ag/Sn-TiO2 nanoparticles
The major phase of the samples was determined from X-ray diffraction patterns obtained using a siemens/D5000 diffractometer with Cu Kα radiation (0.15478 nm) in the 2θ scan range of 20-60°.
Average crystallite size (D in nm) of nanoparticles was obtained by Debye-Scherrer's formula given by equation:
In this equation, K is taken as 0.89; λ is the X-ray wavelength (λ=0.15406 nm), β the full width at half maximum intensity and θ, the half diffraction angle [8] .
The elemental composition, morphology and structure of samples were determined by field 
Photocatalytic activity measurement
Photocatalytic degradation of MB was performed in a batch quartz photoreactor of 100 mL volume with black light lamp (36 W, manufactured by Philips, Holland) emitted around 365 nm positioned above to the reactor [12] . The produced heat from black light lamp was negligible and temperature of the solution during the photocatalytic experiments was nearly constant. In each run, desired amounts of Ag/Sn-TiO2 catalyst and MB were fed into the reactor and put in the darkness for 30 min in order to establish an adsorption-desorption equilibrium and then exposed to black light irradiation. At given irradiation time intervals, the sample with a volume of 5 mL was taken out and then analyzed by UV-vis spectrophotometer. 
Results and Discussion
Characterization of Ag/Sn-TiO2 nanoparticles
X-Ray diffraction (XRD)
X-Ray diffraction (XRD) is a reliable and widespread identification technique especially for crystalline materials [13] . To study the changes in the crystal structure of Ag/Sn-TiO2 prepared by different methods, XRD analysis was carried out. From Figure 1 , all the peaks in the XRD patterns of the samples can be designated to the anatase phase (Most active phase) without any indication of other crystalline phases such as rutile or brookite. High crystallinity of prepared photocatalysts can be conclude from the intensity of the anatase main peak positioned at 2θ = 25.5° [14] . The crystallite size obtained using Debye-Scherrer's formula for Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method and Ag/Sn-TiO2 nanoparticles prepared by sol-gel low-temperature method are 7.2 nm and 9.3 nm, respectively. Absence of a peak corresponding to silver and tin metals may be due to low metal ion dopants content and appropriate dispersion of metal ions on TiO2 crystal structure [15] .
TEM analysis of Ag/Sn-TiO2 nanoparticles
TEM image of Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method is illustrated in Figure   2a . Clear global structure can be observed in TEM image. Figure 2b shows TEM image of Ag/Sn-TiO2 nanoparticles prepared by sol-gel low-temperature method. Agglomeration of hydrothermal derived nanopowders is lower than that of sol-gel low-temperature derived nanopowders. As can be seen from TEM image, the average particle size is 8-11 nm. TEM results were in good agreement with that calculated from the XRD pattern using Scherrer equation. Figure 3a depicts the SEM image of Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method.
SEM analysis of Ag/Sn-TiO2 nanoparticles
As seen in Figure 3 , the nanoparticles are uniformly distributed throughout the sample with rough surface. Spherical morphology with slight agglomeration can be observed for this sample. The SEM image of Ag/Sn-TiO2 nanoparticles prepared by sol-gel low-temperature method is shown in Figure   3b . This image shows a dense structure particles coherent together. Agglomeration of Ag/Sn-TiO2 nanoparticles prepared by sol-gel low-temperatureis higher than that of Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method. Since less particle agglomeration occurred for this sample, the large surface area conveys high adsorption abilities of this catalyst [16] . Figure 4 shows EDX data of Ag/Sn-TiO2 nanopowders (Ag 0.07 mol%, Sn 0.03 mol%) synthesized
Elemental analysis with EDX spectroscopy
via hydrothermal method. TiO2 shows a peak around 0.5 keV, and another intense peak appears at 4.5 keV. The intense peak is assigned to TiO2 in the bulk form, and the less intense peak is assigned to TiO2 surface [19] . The EDX analysis showed Ag and Sn peaks and confirmed the existence of Ag + and Sn 2q of dopants in very low exten D6t with EDX analysis is due to the uniform and appropriate dispersion of dopants [17] .
BET analysis
In order to study the effect of preparation method on specific surface area and porosity of the prepared nanoparticles, N2 adsorption analysis was carried out. Figure 5 displays the N2 adsorptiondesorption isotherms of Ag/Sn-TiO2 nanoparticles (Ag 0.07 mol%, Sn 0.03 mol%) prepared by hydrothermal and sol-gel low-temperature methods. Both samples show Type IV isotherm according to IUPAC classifications suggesting the presence of mesoporous structure. At high relative pressures from 0.4 to 1, the isotherms showed a Type H2 hysteresis loop associated with narrow necks and wider bodies (Ink bottle pores), implying that the nanoparticles contain mesopores because of the aggregation of crystallites [18] . The narrow pore size distribution curves indicate that the powders contain uniform pore channels in the mesoporous region [19] . The hysteresis loop in the lower relative pressure range (0.5<P/P0) was related to finer intra-aggregated pores produced between intra agglomerated primary particles, while the higher relative pressure range (0.8<P/P0<1) was associated with larger interaggregated pores formed via interaggregated secondary particles [20] . Porous structure can facilitate the transporting of reactants and products through the interior space because of the interconnected porous networks, helping the harvesting of exciting light because of the enlarged surface area and multiple scattering within the porous framework [19] .
The average pore size distribution estimated according to the BJH method for Ag/Sn-TiO2 nanoparticles produced via hydrothermal and sol-gel low-temperature methods are presented in the Figure 6 . The diameter range of the pores was found to be from 1.5 nm to 10 nm with a maximum of 8.4 nm and 10.2 nm for Ag/Sn-TiO2 nanoparticles prepared by hydrothermal and sol-gel lowtemperature methods, respectively. The mean pore diameter of Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method was less than of the one produced by sol-gel low-temperature method. This was due to the fact that, the smaller pores can be produced via the aggregation of smaller crystallites.
BET surface area and total pore volume for Ag/Sn-TiO2 nanoparticles prepared by hydrothermal method were 136.9 m 2 .g −1 and 0.179 cm 3 .g −1 , respectively, which is higher than 61.5 m 2 .g −1 and 0.127 cm 3 g −1 of sol-gel low-temperature derived sample. The enhanced surface area of hydrothermal derived sample compared to sol-gel low-temperature derived nanoparticlesis because of its increase in the mesopore size and mesopore volume [21] . It is known in heterogeneous photocatalysis procedure, higher surface area and pore volume can be helpful in the formation of photogenerated electron and hole pairs. So, heterogeneous photocatalysis can be affected by the surface area and pore structure [22] . Table 1 . Results in Table 1 show that photocatalytic activity of Ag/TiO2 nanoparticles is higher than that of undoped TiO2. Direct calcination of the nanoparticles containing silver ions permits formation of silver particles above 400 °C with thermal decomposition process [23] . Thermal decomposition of Ag2O to Ag in titanium dioxide system has been reported by Seery et al. [24] . Ag loaded on TiO2 can indirectly change the interfacial charge transfer procedures (ICTP) and also act as an affective electron scavenger [25] . It is known that reduction of electron-hole pair recombination is useful for higher photoactivity. The conduction band of TiO2 is higher than the Fermi level of Ag which favors the electron transfer from photoexcited TiO2 to Ag. So, the formation of Schottky barrier is possible in the metallic Ag and TiO2 contact region [26] . In air-equilibrated systems, Ag discharges the captured electrons into the solution. Therefore, the superoxide and hydroxyl radicals can be formed via the reaction of these electrons with dissolved oxygen [27] .
However, a reduction in the photocatalytic activity can be observed when the content of silver becomes too large. The detrimental influence of Ag on titanium dioxide photoactivity can be discussed by following reasons:
• A surplus amount of silver dopant can form the recombination center of e --h + photoinduced pairs.
Recombination of electron and hole pairs decreases the rate of photocatalytic degradation [28, 29] .
• Excessive coverage of titanium dioxide restricts the amount of light reaching to the titanium dioxide surface, decreasing the number of photogenerated electron and hole pairs and so, reducing titanium dioxide photoactivity [30] .
• Occupation of active sites on the TiO2 surface by doped silver leads to reduce in the photoactivity of TiO2 [31] .
• The possibility of the hole capture is enhanced by the large number of silver particles at high silver doping reduces the possibility of holes reacting with adsorbed species at the titanium dioxide surface [32] .
Furthermore, the influence of tin dopant concentration on photocatalytic activity of Ag-Sn-TiO2 in the fixed Ag content at optimum value (0.07 mol%) is shown in Table 1 . Doping of small amount of tin (up to 0.03 mol%) increased the photocatalytic activity. The oxidation ability of the photoinduced holes of SnO2 was higher than that of TiO2 since the valance band position of SnO2 is lower than that of TiO2 [23] . Also, the CB of SnO2 (+0.07 V vs. NHE) has been reported to be located considerably more positive side than that of TiO2 (-0.34 V vs. NHE), photoinduced electrons easily transfer from TiO2 to SnO2 and so, the separation rate of photoinduced electron-hole pairs can be decreased [24] . However, at high tin doping, the excessive Sn species act as a significant center for electron-hole recombination [21] . From this Lower optimum value for tin in the co-doped system is related to the presence of Ag in the adjacent of Sn. Ionic radius of doped metal ion can significantly affect photoactivity of TiO2 [31] . Doped metal ions with higher ionic radius than Ti 4+ (Such as silver) in the interstitial positions are more helpful in photoactivity than the metal ions with ionic radius close to Ti 4+ (Such as tin) which can occupy the substitutional positions. Better charge separation and lower electron-hole recombination can be caused by doped metal ions in the interstitial positions. According to these studies, silver in the interstitial positions and zinc in the substitutional positions can separately capture photoinduced electrons and prevent e --h + pairs recombination and consequently improve photocatalytic activity.
Influence of synthesis procedure on the photoactivity of Ag-Sn-TiO2 nanopowders
It is accepted that the photocatalytic activity of the photocatalyst depends on the morphology, crystallization, total pore volume, and surface area of the material [2, 9, 23, 26, 27] . Ag-Sn-TiO2 nanopowders prepared by hydrothermal method have better crystallization, which promoted the photocatalytic activity of samples. It is well known that electron-hole recombination rate depends on the particle size [31, 32] . Particle size as amain parameter can influence photocatalytic activity. Small modifications in particle sizes lead to greater variations in the surface/bulk ratio, thus affecting the recombination rates of volume and surface electrons and holes [33] . Hydrothermal-derived nanopowders with small particle size can decline e --h + recombination rate. Also, higher photocatalytic activity of hydrothermal-derived nanopowders could be attributed to larger surface area and total pore volume compared to sol-gel derived nanopowders. Large specific surface area leads to adsorb more dyes onto the surface of photocatalyst, while high pore volume (Mesopores) leads to diffuse faster of various liquid reactants and products during the photocatalytic process [34, 35] . According to these results, the hydrothermal preparation method can produce photocatalyst with better efficiency.
Artificial neural network modeling
Artificial neural networks (ANN) are relatively crude electronic models based on the neural structure of human brain. Artificial neural networks consist of simple processing units called neurons. In this study, a three-layered back propagation ANN was selected, comprising an input layer (Independent variables), an output layer (Dependent variable), and a hidden layer. The number of input and output neurons is determined by the nature of the problem. The hidden layers act like feature detectors; there can be more than one hidden layer. The topology of an artificial neural network can be achieved through the number of layers in the artificial neural network, the number of nodes in each layer and the nature of the transfer functions. In designing ANN model for a process, suitable identification of the set of independent input variables and the output variables is the first step. The second task in the development of the model is optimization of ANN topology [37] . A threelayered back-propagation algorithm with tangent sigmoid transfer function (Tansig) was employed to activate hidden layer, while a linear transfer function (Purelin) for the input/output layers. All ANN calculations were carried out using Matlab mathematical software, 2011 a version with ANN toolbox.
Modeling of operational variables
The input variables used in the present study were mol% of dopant ions, catalyst amount, initial dye concentration, and pH of the solution. The corresponding degradation efficiency (%) was used as an output of the network. 
Where Xmin and Xmax refer to the lowest and the highest value of the input variable Xi, respectively.
The performance of ANN model is affected by the number of neurons in the hidden layer. To determine the optimum number of neurons needed to construct the ANN, a series of topologies were employed in which the number of neurons was varied between 1 and 11. Each topology was repeated 3 times to avoid random correlation due to the random initialization of the weights. Optimization was based on minimizing the mean square error, MSE, which is defined as follows:
Where ti and ai are the predicted and experimental values of the dependent variable, respectively and N is the number of data. The relationship between the mean square error (MSE) and the number of neurons in the hidden layer is shown in Figure 7 . AS can be observed that the performance of the network stabilized after inclusion of an adequate number of hidden units just about eight; therefore, 
Optimization and modeling of operational parameters
To optimize the operational parameters in the photocatalytic degradation of MB by using Ag/Sn-TiO2 nanoparticles (Sample 9), four operational parameters, mol% of dopant ions, photocatalyst dosage, initial dye concentration, and pH of solution were investigated.
Effect of dopant ions on photocatalytic activity
In order to investigate the effect of dopant ions on the photocatalytic activity of Ag/Sn-TiO2 nanoparticles, several tests for degradation of MB was performed under black light irradiation in the presence of 0.4 g.L -1 of prepared catalysts. The experimental results are presented in Figure 10 . It can be seen that doping of TiO2 with Ag and Sn significantly enhances the photocatalytic efficiency as compared to undoped TiO2. Ag/Sn-TiO2 nanoparticles require less irradiation time than TiO2 nanoparticles, which can be discussed by following factors. First, it is considered that particle size is a main parameter influencing photocatalytic efficiency, since the electron-hole recombination rate may depend on the particle size. Partial variations in particle size lead to significant modifications in the surface/bulk ratio, thus influencing the recombination rate of volume and surface electrons and holes [39, 40] . Ag/Sn-TiO2 with small particle size can decrease the electron-hole recombination rate.
Second, this may be due to the fact that a small amount of Ag and Sn ions can trap photo-generated electrons and inhibit the hole-electron recombination [41] .
The photocatalytic mechanism involves the excitation of valence electrons to the conduction band by black light illumination, resulting in the formation of holes in the valence band. These species can undergo subsequent reduction and oxidation reactions. In fact, the photocatalytic efficiency depends on the competition between the surface charge carriers transfer rate and the electron-hole recombination rate. If the recombination rate is so fast, there is no enough time for any other reactions to occur, namely there is no photocatalytic activity [42] . These ejected electrons can be trapped by the metal ions co-doped into TiO2 lattice and the recombination process is holding up.
The electrons transfer to the adsorbed oxygen molecules via the conduction band of TiO2 and then At Ag/Sn-TiO2 amount more than 0.4 g.L −1 , the percentage of photocatalytic degradation was decreased due to the scattering of light by excess of Ag/Sn-TiO2 [44] . Another reason is that agglomeration of nanoparticles causes penetration of light becomes hardly to reach all the nanoparticles [47] . So, the degradation efficiency is decreased. In this work, the optimum amount of Ag/Sn-TiO2 at all subsequent tests conducted was about 0.4 g.L −1 . Figure 11 shows a good agreement between the degradation efficiency % of MB calculated from the ANN model and the experimental results as a function of photocatalyst dosage.
Effect of the initial MB concentration in the photoreaction
In order to study the effect of initial dye concentration, experiments were carried out by varying MB concentration from 10 to 70 mg L −1 , and the degradation efficiency is illustrated in Figure 13 . As the initial dye concentration enhances, the degradation efficiency decreases. The possible reason is that direct contact between generated holes or OH • radicals with dye molecules is decreased with increasing the dye concentration due to adsorb of more dye molecules on the surface of Ag/Sn-TiO2.
By increasing the internal optical density, the solution becomes impermeable to black light [48, 49] .
Also, by increasing the dye concentration, MB molecules absorb light and the photons cannot reach Ag/Sn-TiO2 surface. Therefore the photocatalytic degradation efficiency decreases [50] [51] [52] . Figure   12 shows a good agreement between the degradation efficiency % of MB calculated from the ANN model and the experimental results as a function of initial dye concentration.
Effect of pH in the photoreaction
In this research, the effect of pH in the range from 2 to 12 on degradation efficiency of MB has been investigated because of dependence of both MB molecules and the surface of Ag/Sn-TiO2 nanoparticles to pH. As seen in Figure 13 , an increase in the pH value to 12 caused a significant increase on degradation rate of MB. The influence of pH on the degradation rate of MB in the existence of Ag/Sn-TiO2 nanoparticles (Sample 9) may be attributed to the basis of the point of zero charge (pHpzc) of photocatalyst which has been reported around 6.8 [53] . Ag/Sn-TiO2 is positively charged in acidic solution (pH<6.8), whereas it is negatively charged under alkaline conditions (pH>7.0). MB is a cationic dye and so, electrostatic interactions between the positive Ag/Sn-TiO2 surface and MB molecules lead to the strong repulsion of each other. Therefore, under the acidic condition, MB molecules cannot be adsorbed on Ag/Sn-TiO2 surface [51] . MB degradation is more favorable under alkaline condition because of the formation of more OH and electrostatic abstractive effects between cationic MB dye and negatively charged surface of Ag/Sn-TiO2 [52] . Figure 13 shows a good agreement between the degradation efficiency % of MB calculated from the ANN model and the experimental results as a function of pH of the solution. 
ANN model sensitivity analysis
Conclusion
Ag/Sn-TiO2 nanoparticles were synthesized by hydrothermal and sol-gel low-temperature methods using titanium n-butoxide as precursor. The results implied that photocatalytic activity of Ag/Sn-TiO2 nanoparticles synthesized via hydrothermal method was higher than that of the Ag/Sn-TiO2 nanoparticles synthesized by sol-gel low-temperature method. TiO2 co-doped with 0.07 mol% Ag and 0.03 mol% Sn showed highest photocatalytic activity than monometallic doped TiO2 with Ag, Sn and pure TiO2 prepared by the same method in the photocatalytic degradation of MB. This might be associated with the effects of co-doped Ag and Sn on the TiO2 catalyst. The photocatalytic degradation of 20 mg.L -1 MB was found under 0.4 g.L -1 of Ag/Sn-TiO2 and 5 min direct black light illumination. In the present study, the effect of some operational parameters on the photocatalytic degradation of MB was modeled by the ANN technique. A three-layered back-propagation neural network with tangent sigmoid transfer function (Tansig) at the hidden layer with 8 neurons was designed to predict the degradation of MB under various operational conditions. The performance of the synthesized sample in the dye degradation was successfully simulated using neural network modeling, and a good agreement was obtained between the predicted results from the ANN model and the experimental results, with a correlation coefficient (R 2 ) of 0.979. The sensitivity analysis showed that the pH of the solution has a larger effect on the photocatalytic degradation of MB, while photocatalyst dosage has the lowest effect on the photocatalytic degradation of MB.
